Extracellular microcapsules have been demonstrated on cells of most serotypcs of Streptococcus mutans by electron microscopy, using bacterial strains of the various serotypes and peroxidase labeled or unlabeled immune serum. A correlation was noted between the amount of capsular substance on the strains of S mutans examined and degree of antigenicity as expressed by the indirect fluorescent antibody (FA) title. A serotype d strain was shown to lose both antigenicity as determined by the FA reaction and capsular material as seen by electron microscopy with repeated in vitro passage. JVhen 10% unheated rabbit serum was added to the medium, antigenicity and capsular material were restored. Antisera produced in rabbits to serotypes of Streptococcus mutans gave various titers by fluorescent antibody (PA) techniques,1-3 suggesting that there are differences in the degree of antigenicity of the serotypes. Antisera directed against the serotypes of S mutans may cross react with S sanguis and S salivarius. The specificity of the FA reactions can be increased by prior absorption of the sera with the cross reacting antigens.4 However, with some S mutans antisera, the working titer may be so low that cross absorptions will reduce the titer beyond a useful range. An eriochrome black counterstain appears to increase the specificity of the serotypes without the need for cross absorptions.2 Both of these procedures, which enhance specificity, do not increase the titer, so that the amount of useful sera is quickly consumed. Higher titers may be achieved by im- 166 proving the conditions for isolating specific antibody5 '6 or by increasing the antigenicity of the S mutans vaccine. In the present investigation, antigenicity was found to be directly related to the amount of extracellular capsular material on the cells. Twelve milligrams of horseradish peroxidase4 were added to a solution containing 5 mg of globulin (protein) in 1 ml of 0.1 M phosphate buffer (pH 6.8). Then 0.05 ml of 1% glutaraldehyde (coupling agent) was added while shaking and the mixture allowed to stand at room temperature for two hours. The conjugate was dialyzed overnight in two changes of PBS (pH 7.6), and centrifuged at 10,000 X g for 30 minutes in a Lourdes refrigerated centrifuge. Finally the conjugates were filter sterilized through a Morton ultra-fine sintered glass filter and stored at 4 C. PEROXIDASE STAINING.-A sufficient amount of vaccine or culture was placed in a sterile Kahn tube to give a pellet after centrifugation of about a half millimeter thick. To each sample 0.1 ml of appropriate peroxidase conjugated antiserum was added, mixed and allowed to stand 30 minutes at room temperature. The samples were centrifuged at 3000 X g for 10 minutes; the supematant was pipetted off and the pellet was washed once with PBS (pH 7.6) and again centrifuged. After pipetting off the supernatant fluid, each sample was stained with 1 ml of a solution containing 5 mg of 3,3'-diaminobenzidine tetrahydrochloridel in 10 ml PBS (pH 7.6) to which 0.01% hydrogen peroxide (1 ml of 0.1%) was added immediately before use. 20 The preparations were centrifuged and washed once as above. lowed to incubate 4 hours at 37 C. The cover slip preparations were washed again in HBSS, fixed in absolute methanol for 10 minutes, air dried and then stained with May-GrunwaldGeisma stain.26 Stained cover slips were mounted with Mounting Medium/ and examined in a light microscope with oil immersion 100 X objective. On each preparation 100 macrophages were examined for phagocytosis. (Fig lb) . When the AHT-d cells were treated with unconjugated antiserum (Fig lc) , a finer consistency was seen when compared with the coarse particles of the peroxidase labeling. These electron-dense layers were just as evident in sections which were not poststained with uranyl magnesium acetate and lead citrate. However, this layer could not be demonstrated by India ink preparations or by Quellung reaction using lightfield or dark-field microscopy. 27 The AHT-d peroxidase conjugate did not stain extracellular material on S sanguis cells, strain 10556, or S salivarius cells, strain HHT (Table 1) . When AHT-d cells were treated with pooled normal rabbit serum followed by peroxidase-labeled goat anti-rabbit serum and poststained with uranyl acetate and lead ci-/ Technicon Chemical Co., Inc., Chauncey, NY.
Results
trate, there was no evidence of extracellular staining (Table 1) .
Representative strains of Streptococcus mutans serotypes a, b, c, d, and e were also treated with the AHT-d peroxidase conjugated antiserum and the electron micrographs showed varying amounts of labeled extracellular substance. AHT-a cells (Fig 2a) showed less extracellular material (ECM) than AHT-d cells (Fig lb) . The Fa-1 cells (serotype b) showed very little ECM (Fig 2b) ; Ingbritt cells (serotype c) seemed to be a mixture of cells with and without ECM (Fig 2c) ; OIHI cells (serotype d) showed a considerable amount of ECM on every cell (Fig 2d) and the LM7 cells (serotype e) appeared to have no ECM. When these cells were reacted with peroxidase conjugated homologous antisera, essentially the same degree of ECM reactions were seen as those described with the AHT-d peroxidase conjugate. Table 2 shows a comparison of the titers obtained by agglutination tests, direct and indirect FA tests using homologous cells and antisera, and the relative amounts of ECM as seen in the electron micrographs after staining with either the AHT-d peroxidase conjugate, or with homologous peroxidase conjugates. There seemed to be no correlation between the agglutination titers and the FA titers. This was also found by Griffin28 using nonspore-forming anaerobes. The indirect FA titers were higher than the direct with every strain except BHT and LM7. In suI)sequllet studies, the A IT-d strain that had been repeatedly passed in BHS broth failed to give a FA rea tion svith the original AlIT-d antiserum (Table 3) and exhibited a mininmal reaction with the AHT-d peroxidase conjugate (Fig 3a) . This suggested that the transfer process, which picked cells suspended in the medium and left behind those sticking to the glass walls of the test tubes. A new vaccine, prepared with the repeated passage of AHT-d cells, failed to elicit an antiserum with a satisfactory FA titer, confirming the supposition that laboratory passage had resulted in the loss of antigenic determinant(s). As this antigen appeared to be associated with the ECM, the possibility existed that the ECM could be a microcapsule.27 Therefore, efforts were made to enhance capsule formation in this strain. The addition of 10% unheated rabbit serum to the BHS medium29 resulted, after three passages of AHT-d, in the restoration of the FA reaction (Table 3 ) and the ECM formation as seen in the electron microscope with the peroxidase conjugate (Fig 3b) . An antiserum, made in rabbits, to the AHT-d restored cells showed a direct FA titer of 1:16. Thus, the unheated rabbit serum had restored ECM and antigenicity to the AHT-d repeated passage cells. Heated rabbit serum (56 C for 30 minutes) was also tried as a medium supplement but was not as effective as the unheated serum. A lyophilized sample of our original AHTd strain was rehydrated and grown in the BHSrabbit serum medium. This revived strain had a copius amount of capsule (Fig 3c) and gave a strong FA reaction (Table 3 ). This suggested that the low FA titers obtained with the other serotvpes ( Table 2 ) might be improved by growing those cells in rabbit serum. This was done using one strain each of the five serotypes.
The possibility that serum protein could be adsorbed to the cells thereby presenting new antigenic determinants to the host had to be considered. Strains of the five serotypes of S mutans were subcultured three times in BHS medium with or without the addition of rabbit serum. The cultures were centrifuged and the cells suspended in physiologic saline. The cells were tested with conjugated antisera made to the serotypes grown in medium with rabbit serum. Table 4 shows the direct FA reactions using the cell preparations and the conjugated antisera. Fluorescent staining occurred only with the serotype homologous cells and conjugates. Cells grown in the medium with rabbit serum showed stronger FA reactions than those grown in medium without the serum supplement. The reaction on cells of strain 10449 with GS5 conjugate was very weak. There was no overall nonspecificity caused by the addition of rabbit serum.
The effect of growing the cells in the (Fig 4b) , the macrophages were engorged with cells. The cover slip preparations obviously offered a better chance for the contact of cells and bacteria. The same results were found when homologous immune sera were used in place of the normal rabbit serum, except that 1% of the macrophages showed phagocytosis with the AHT-d antiserum and cells.
Discussion
Strain AHT-d was used extensively in this study because it had a higher working titer in FA tests than the other strains2 and the highest F/P ratio ( (Table 4) .
While the addition of unheated rabbit serum did restore antigenicity to the AHT-d cells, the direct FA titer of the conjugated antiserum was no higher than the original titer had been. The indirect FA test could not be used to detect sensitivity after growing the organisms in rabbit serum, as normal proteins on the cells would have been detected as well as specific antiserum that had been produced in rabbits.
The rabbit serum may be exposing the S mutans cells to proteins which they normally meet in vivo either in the saliva30 or in gingival crevice fluid.31 These serum proteins may stimulate S mutans to form a protective capsule detectable as ECM which enables it to survive more successfully in their presence. In contrast, when the cells are cultured in vitro in the absence of serum proteins, there is no need for capsule formation and this surface antigen is no longer synthesized. This might account for the low antigenicity of S mutans cultures as judged by the FA reactions. Agglutination titers are not affected by serial passage, indicating that these antigens are distinct from those measured by the FA reaction. In fact there appears to be an inverse relationship between direct FA titer and the agglutination titer (Table 2) .
Phagocytosis studies were undertaken to further demonstrate differences in extracellular material in the cells of the S mutans serotypes. Differences were shown with formalin-killed cells, i.e., strains with ECM were not phagocytized, while the group e strain which had no demonstrable ECM was phagocytized in the presence of normal rabbit serum.
The ECM has several characteristics which suggest that it may be a capsule, i.e.. it is found when the cells are grown in the presence of serum, it is lost upon serial passage and gives the cell some protection from phagocytosis.
This capsular material appears to be the antigen that is stained by the fluorescent and peroxidase conjugated antibody as well as the unconjugated antibody. This raises the possibility that S rnutans can be identified in situ in plaque. Lai, Listgarten, and Rosan32 have described a capsular reaction on S sanguis using immune serum. In a later report,33 the authors have shown by absorption that c and d antigens of S sanguis are located in the extracellular material of this organism. Further they have shown that the "immunocoating reaction" could be used for the in situ identification of S sanguis in dental plaque. Cells showing positive reactions were arranged as pyramidal shaped colonies with the apex at the tooth surface and the base at the surface facing the oral cavity.
Conclusions Extracellular microcapsules have been demonstrated on most serotypes of S mutans which might be of significance in the adherence, survival, and pathogenicity of this organism. A nongenetic variation was shown to occur in strain AHT-d resulting in the loss of FA staining and capsular substance, but both were restored by the addition of unheated rabbit serum to the growth medium. It seemed reasonable to assume that other serotypes might also lose the same type of antigenicity in this and other media. This may account for the low titered antisera obtained with some strains of this organism.
